Objective-To evaluate the eVects of one year's treatment with beraprost, an orally active prostacyclin analogue, in patients with severe pulmonary hypertension. Patients-13 patients with severe pulmonary hypertension. This was primary in nine, thromboembolic in three, and caused by Eisenmenger syndrome in one. Methods-All patients underwent right heart catheterisation. Mean (SD) right atrial pressure was 5 (3) mm Hg, mean pulmonary artery pressure was 48 (12) mm Hg, cardiac index was 2.6 (0.8) l/min/m 2 , and mixed venous oxygen saturation was 68 (7)%. Beraprost was started at the dose of 20 µg three to four times a day (1 µg/kg/day), increasing after one month to 40 µg three to four times a day (2 µg/kg/day), with further increases of 20 µg three to four times a day in case of clinical deterioration. Main outcome measures-New York Heart Association (NYHA) functional class, exercise capacity measured by distance walked in six minutes, and systolic pulmonary pressure (by echocardiography) were evaluated at baseline, after one month's treatment, and then every three months for a year. Results-After the first month of treatment, NYHA class decreased from 3.4 (0.7) to 2.9 (0.7) (p < 0.05), the six minute walking distance increased from 213 (64) to 276 (101) m (p < 0.05), and systolic pulmonary artery pressure decreased from 93 (15) to 85 (18) mm Hg (NS). One patient died after 40 days from refractory right heart failure, and another was lost for follow up at six months. The 11 remaining patients had persistent improvements in functional class and exercise capacity and a significant decrease in systolic pulmonary artery pressure in the period from 1-12 months. Side eVects were minor. Conclusions-Oral administration of beraprost may result in long lasting clinical and haemodynamic improvements in patients with severe pulmonary hypertension. (Heart 2001;86:661-665) 
Continuous intravenous epoprostenol (prostacyclin) has been shown to improve the functional state, exercise capacity, pulmonary haemodynamics, and survival in patients with primary pulmonary hypertension. [1] [2] [3] [4] [5] [6] Similar clinical eVects of intravenous epoprostenol treatment have been reported in patients with pulmonary hypertension secondary to connective tissue disease, 7 8 congenital heart defects, 9 10 and peripheral chronic thromboembolism. 10 However, chronic intravenous epoprostenol requires a permanently implanted central venous catheter and a portable infusion pump, which exposes the patient to a series of complications including catheter related thrombosis, infection, and delivery system malfunction resulting in rapid underdosing or overdosing of a drug with a very short half life. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Because of these drawbacks, alternative modes of administration and longer acting prostacyclin derivatives are currently under investigation.
Favourable results have been reported in patients with primary and secondary severe pulmonary hypertension treated with nebulised iloprost. However, the relatively short half life of this prostacyclin analogue imposes the need for up to 12 inhalations a day, each of which lasts up to 15 minutes, 11 12 while the use of aerosol nebulisers is cumbersome. Hopes have therefore been raised by preliminary Japanese studies reporting beneficial eVects of the oral prostacyclin analogue beraprost in patients with primary pulmonary hypertension. [13] [14] [15] We here report our experience of 13 patients with severe pulmonary hypertension treated with oral beraprost and followed for one year. Satisfactory clinical improvement was observed in 11 of these patients.
Methods

STUDY PATIENTS
Thirteen consecutive patients with severe pulmonary hypertension (four male and nine female), aged between 11 and 62 years (mean age 45 years), gave their informed consent to the study, which had been approved by the local ethics committee. They were referred to our centre between January 1998 and January 2000, at a time when intravenous epoprostenol treatment was not yet available in Italy. The patients were diagnosed as having either primary (nine patients), peripheral thromboembolic (three), or congenital heart disease associated (one patient) pulmonary hypertension. Dyspnoea was the main symptom in all patients, while six had chest pain and seven syncope. The duration of symptoms ranged from 1-36 months, mean (SD) 14 (10) months. All the patients had severe functional limitation as assessed by the New York Heart Association (NYHA) classification: six were in class IV, six others in class III, and only one in class II.
The diagnosis of primary pulmonary hypertension relied on right heart catheterisation showing a mean pulmonary artery pressure higher than 25 mm Hg, and the use of an algorithm incorporating a mandatory chest x ray, respiratory function tests, a perfusion lung scan, an echocardiogram, arterial blood gas analysis, and the results of the right heart catheterisation to exclude secondary causes. 16 The diagnosis of chronic peripheral inoperable thromboembolic pulmonary hypertension was based on significant perfusion abnormalities on a ventilation/perfusion lung scan, and confirmed by a pulmonary angiogram. 17 The diagnosis of ventricular septal defect was made by echocardiography.
STUDY PROTOCOL
After the diagnostic right heart catheterisation, which included an acute vasodilator challenge with 20-60 ppm inhaled nitric oxide, the patients were managed with conventional treatment including digitalis, diuretics, nitrates, oral anticoagulants, and nifedipine when indicated. 18 Conventional treatment was titrated in 3-4 weeks in order to obtain the maximum clinical eVect.
At the end of this period, the patients had a clinical evaluation, a Doppler echocardiogram, and two, six minute walk tests (on successive days). The best of the two walking tests was used as the baseline result. Beraprost was then added to the standard treatment, starting at a dose of 20 µg three to four times a day (1 µg/kg/day) and progressively increasing to a maximum dose of 2 µg/kg/day, or as tolerated. The patients were followed up with a clinical examination, a six minute walk test, and an echocardiogram at 1, 3, 6, 9, and 12 months. In addition, telephone contact was made at least twice a month.
The dose of beraprost was increased if there was clinical deterioration, in increments of 5-10-µg three to four times a day until improvement occurred or until there were adverse eVects. If hypotension occurred, the other vasodilators were reduced or stopped before considering a stepwise reduction in the beraprost dose. The dose of diuretics was increased if there was weight gain and clinical signs of right heart failure. During the treatment period, all measurements were performed 3-4 hours after the last dose of beraprost had been taken.
Exercise capacity was measured by an unencouraged six minute walk test performed in a 25 m length of corridor under the same environmental conditions and at about the same time of day (± 2 hours). 19 Systolic pulmonary arterial pressure (Ppa) was estimated by flow Doppler echocardiography from the maximum velocity of the tricuspid regurgitant flow. 20 
STATISTICAL ANALYSIS
Data are expressed as mean (SD), except when indicated. A repeated measures analysis of variance was applied to the series of monthly measurements, with a correction for the missing data in the patient who died after 40 days and the patient who left the study after the six month visit. 21 Modified t tests (that is, t tests with the residual variance of the analysis of variance) were used to compare follow up measurements with the baseline when the F ratio of the analysis of variance reached a critical value of p < 0.05.
21
Results
The initial values for invasive haemodynamic measurements are shown in table 1. The patients all had severe pulmonary hypertension with a low cardiac output and on average normal right and left heart filling pressures. The right atrial pressure was above 10 mm Hg in three patients.
The baseline conventional treatment after the one month run in period is summarised in table 2. Three patients were given nifedipine on the basis of > 30% reversibility of pulmonary vascular resistance on acute reversibility testing with inhaled nitric oxide. Two patients did not receive anticoagulant treatment because of previous gastrointestinal bleeding. One patient was on prophylactic amiodarone because of recurrent atrial fibrillation. There was no change in the clinical state of the patients during the one month run in period.
The individual daily beraprost doses at one month and 12 months of treatment are shown in table 3. The mean daily beraprost dose was 116 (24) µg (range 80-160 µg) after the first month of treatment, and increased to 193 (74 µg) (range 100-360 µg) at 12 months. All the patients needed at least one increase in dose (range 1-5). Angiotensin converting enzyme inhibitors were stopped in two patients, the diuretic regimen was altered by adding aldactone 25 mg/day and reducing frusemide (furosemide) in three patients, and amiodarone was instituted in two patients to treat an episode of atrial fibrillation. At each follow up visit all the patients were in sinus rhythm. 68 (7) Paop, pulmonary artery occluded pressure One patient died after 40 days from refractory right ventricular failure. One patient moved abroad and was lost to follow up after six months. Follow up for the full 12 months was therefore achieved in 11 patients.
NYHA class improved at one month from 3.4 (0.7) to 2.9 (0.7) (p < 0.016), and remained unchanged thereafter. Two patients had no modification in NYHA class, five had a stable improvement by one class, and three had an improvement by two classes. Three patients had fluctuating behaviour with initial improvement followed by deterioration.
The six minute walk distances at baseline and during beraprost treatment are shown in fig 1. The baseline six minute walk distance was 213 (64) metres. This increased by 63 (47) metres at one month and the improvement was maintained during the subsequent months.
Systolic pulmonary artery pressures at baseline and during beraprost treatment are shown in fig 2. Systolic pulmonary artery pressures decreased. However, the F value of the analysis of variance showed a borderline p value of 0.06. We nevertheless applied modified t tests to compare beraprost treatment with baseline measurements, which showed a decrease in pulmonary artery pressure that was significant from the third to the 12th month (p < 0.01).
The side eVects of beraprost consisted of skin flushing (n = 12), rash (n = 4), mild diarrhoea in (n = 3), muscular pain (n = 2), and gastric discomfort (n = 4). A temporary reduction in dose because of side eVects was necessary only once in two patients. One patient had a muscular haematoma related to anticoagulation (INR > 6).
Discussion
This prospective uncontrolled study shows that the oral intake of the prostacyclin analogue beraprost in patients with severe pulmonary hypertension is well tolerated and associated with substantial and persistent improvements in functional state, exercise capacity, and pulmonary haemodynamics.
Beraprost sodium is a prostacyclin analogue that is suitable for oral administration owing to its stable structure (cyclo-pentabenzofuranyl skeleton). Its half life is 45 minutes in the fasting state and it lasts 3-3.5 hours when taken after a meal. Like other prostacyclin analogues, beraprost produces vasodilatation, inhibition of platelet aggregation, and inhibition of smooth muscle cell proliferation. 22 Acute administration of beraprost in patients with pulmonary hypertension has been shown to cause pulmonary vasodilatation when used alone 13 or in combination with inhaled nitric oxide. 23 Two recent retrospective studies suggest that oral beraprost added to conventional treatment induces a long lasting haemodynamic improvement together with a reduction in mortality compared with a historical control group treated conventionally. 14 15 There have until now been few randomised controlled trials of intravenous epoprostenol (prostacyclin) in primary pulmonary hypertension 2 3 or pulmonary hypertension secondary to connective tissue disease. 7 In primary pulmonary hypertension, three months of intravenous epoprostenol increased the six minute walk distance by an average of about 50 m, compared with a decrease by an average of 70 m in controls. 2 In that study, there were eight deaths in the control group, and no mortality in the treatment group. 2 In pulmonary hypertension secondary to connective tissue disease, three months of intravenous epoprostenol increased the six minute walk distance by an average of 46 m, compared with an average decrease of 48 m in the controls. 7 In both studies, epoprostenol decreased mean pulmonary artery pressure only moderately, on average by no more than 5 mm Hg, but cardiac output increased greatly, so that pulmonary vascular resistance decreased on average by 3.4 to 4.6 Wood units, or around 25% from baseline. 1  58  65  120  200  3  2  42  52  100  160  2  3  58  65  120  160  1  4  62  70  80  140  2  5  33  58  160  360  5  6  56  58  80  100  2  7  36  52  120  160  1  8  34  80  160  240  2  9  11  42  100  280  3  10  52  53  120  160  1  11  55  57  120  12  45  56  120  160  1  13 38 64 120 
Figure 1 Individual values (thin lines) of distances walked in six minutes (SMWT) in patients with
Long term treatment of pulmonary hypertension with beraprost
Open uncontrolled series of patients with primary or secondary hypertension treated with intravenous epoprostenol for one year or more show more important improvements in pulmonary haemodynamics and exercise capacity, with a decrease in pulmonary vascular resistance within a range of 35-50%, and an increase in the six minute walk distance within a range of 60-100 m (or an equivalent improvement in exercise tests). 4 6 9 Nebulised iloprost has been reported in an uncontrolled study to improve exercise capacity and pulmonary haemodynamics after three months of treatment in patients with pulmonary hypertension, either primary or secondary to connective tissue disease or peripheral thromboembolism. 11 A recent uncontrolled study showed that patients with primary pulmonary hypertension treated with nebulised iloprost for one year had on average an increase in their six minute walk distance of 85 metres and a decrease in pulmonary vascular resistance by 23%. 12 In our patients treated for one year with oral beraprost, the six minute walk distance increased by an average of 63 m, which is comparable to the reported improvements after one year of intravenous epoprostenol or inhaled iloprost. The decrease in systolic pulmonary artery pressure was on average only 8 mm Hg and of borderline significance. However, it is diYcult to translate this measurement into pulmonary vascular resistance, as mean pulmonary artery pressure and cardiac output were not measured. In view of associated changes in functional state and exercise capacity, it may be that the beraprost induced decrease in pulmonary vascular resistance was of the same magnitude as reported after nebulised iloprost or intravenous epoprostenol. Such eVects are likely to be associated with improved long term survival, as reported with intravenous epoprostenol 4 5 and oral beraprost. 15 The dose of beraprost in our patients was determined on the basis of limited previous experience in patients with pulmonary hypertension, and titrated by clinical improvement and side eVects. After one year, our patients were receiving 100-360 µg/day, which is more than the dose of 60-180 µg split in three to four doses a day reported to improve survival in patients with primary pulmonary hypertension in a retrospective study with historical controls. 15 The optimal dose of beraprost is not yet known precisely, so it appears reasonable to increase the dose progressively until limited by side eVects in patients with a good clinical response.
The side eVects in our patients were similar to those of the prostacyclins in general-that is, skin flushing, rash, arthralgia or muscle pain, and gastrointestinal discomfort with nausea or diarrhoea. 18 Side eVects less specific to prostacyclin have been reported in patients treated with nebulised iloprost. 11 12 Intravenous epoprostenol carries the life threatening risks of catheter related thrombosis, sepsis, and pneumothorax, and also exposes the patients to delivery system failures leading to rapid overdosing or underdosing. 18 On the other hand, nebulised iloprost may be associated with coughing, and there is limitation of mobility and quality of life because of the time consuming and frequent inhalations. 11 12 Both intravenous epoprostenol and inhaled iloprost are expensive treatments, with annual costs estimated for Europe to range from 50 000 to 300 000 Euros or more, not including expenses related to delivery devices and disposal. 12 
LIMITATIONS
The obvious limitations of our study are the small number of patients and the absence of controls. It must also be remembered that our patients, at the time of their inclusion, could not benefit from the only treatment shown by a randomised controlled trial to decrease mortality in severe pulmonary hypertension, intravenous epoprostenol. Thus beraprost was prescribed on a compassionate basis, with no alternative available in the presence of ineVective conventional treatment. However, it is pertinent to ask whether the clinical benefit observed after one year in 11 of our 13 patients might have occurred by chance. We believe this is very unlikely, in view of the known natural history of the disease as established on large series of patients, 16 and confirmed in randomised controlled studies extending over three month periods of observation. 2 3 7 In particular, over a year of follow up pulmonary hypertension of the severity seen in our patients would be expected to be associated with a decline in the six minute walk distance and a deterioration, instead of an improvement, in functional class, if not one or two deaths. 
CONCLUSIONS
A randomised controlled study of oral beraprost may be warranted in patients with severe pulmonary hypertension who do not improve with optimal conventional treatment.
IMAGES IN CARDIOLOGY
A case of cardiac angiosarcoma presenting as pericardial tamponade A 67 year old woman presented with syncope. Physical examination revealed pulsus paradoxus 20 mm Hg and jugular venous distention, leading to a diagnosis of pericardial eVusion and possible tamponade. Echocardiogram showed massive circumferential pericardial eVusion, diastolic right ventricular collapse, and dilated inferior vena cava without respiratory changes. Pericardiocentesis yielded 1100 ml of serosanguinous fluid. All cytological and bacteriological tests on the fluid were negative. Repeat echocardiogram showed significant pericardial eVusion posteriorly. Chest computed tomography (CT) scan showed large bilateral pleural eVusion and a 3 cm mass at the junction of the right atrium (RA) and the right ventricle (RV), probably blood or tumour (top right).
Transoesophageal echocardiography showed a mass in the pericardial sac between the right atrium and the right ventricle extending oV the atrioventricular groove and into the right atrium (bottom right).
Surgical exploration revealed an extremely vascular pericardium with dense adhesion to the epicardium. A mass was palpated in the right atrium and the wall of the right ventricle. Wedge biopsy showed this was angiosarcoma. The patient received chemotherapy with doxorubicin and is currently in remission.
Most cardiac tumours are secondary; 75% of the primary tumours are benign, and 75% of the malignant tumours are sarcomas. Widespread metastases, especially pulmonary, are common by the time the diagnosis is made. Since the signs and symptoms are non-specific, the diagnosis is often delayed which leads to poor outcomes. Diagnostic imaging such as CT scan, transoesophageal echocardiography, and magnetic resonance imaging may allow early diagnosis and treatment. Several combinations of treatment strategies were tried, but the optimum therapy is still unknown. 
